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PEER REVIEWED

G AS CHROMATOGRAPHY OF

alditol acetates has been
used for carbohydrate
analysis of wood pulps

since 1970 (1). The method is stan-
dardized as TAPPI Test Method T 249
cm-85 (2). Several efforts (3–8) have
been made to improve the efficiency
of carbohydrate analysis. The efforts
mainly include the utilization of
anion-exchange high-performance
liquid chromatography (HPLC).
Analysis by HPLC is rapid due to the
simplicity of the sample preparation.
Judged from chromatograms, how-
ever, the incomplete separation of
minor components in wood pulps,
including arabinose, xylose, and
galactose, may undermine the accu-
racy of a quantitative analysis.

The complexity of TAPPI T 249
stems from the long and tedious
evaporation step in preparing alditol
acetates. After hydrolysis of wood or
wood pulps, alditols are normally
prepared in an aqueous solution by
reduction with sodium borohydride.
Borates are formed when the excess
of sodium borohydride is decom-
posed with acetic acid (9). In the
presence of borates, acid-catalyzed
acetylation leads to the formation of
a number of artifacts. These artifacts
have retention times similar to
alditol acetates in a gas chromatogra-
phy column (10). Therefore, the
removal of borate as its volatile
trimethyl ester is essential before
acetylation.To assist in the formation
of trimethyl borate, methanol must
be repeatedly added to the residue
obtained on concentrating the aque-

ous solution to dryness (11). There-
fore, there is a lengthy and tedious
process of repeated evaporation in
the current TAPPI Test Method T 249
cm-85.

The compound 1-methylimida-
zole was first used as a catalyst for
acetylation of hydroxy compounds
by Connors and Pandit in 1978 (12).
They found that the catalytic activity
of 1-methylimidazole was about 4 x
102 times greater than pyridine. In
1983, Blakeney et al. (13) reported
the successful use of 1-methylimida-
zole as a catalyst for quantitative
acetylation of alditols in the pres-
ence of borate. The method was
applied to the microanalysis of
monosaccharides in endosperm cells
of Italian ryegrass (Lolium multiflo-
rum Lam.).

In the work reported here, we
studied the use of 1-methylimidazole
as a catalyst for acetylation of alditols
during analysis of wood pulps. Our
primary objective is to develop an
effective and accurate, but less com-
plex, method for carbohydrate analy-
sis of wood pulps that is comparable
with the TAPPI Test Method.

EXPERIMENTAL
Apparatus

A Hewlett-Packard 5890 gas chro-
matograph, equipped with a 7673A
automatic sampler and an HP 3396A
integrator, was used to quantitatively
analyze neutral carbohydrate compo-
nents in wood pulps. Alditol acetates
were separated on a DB-225 fused sil-
ica capillary column (30 m x 0.318
mm). The column has a stationary

phase of (50% cyanopropylphenyl)-
methylpolysiloxane. Its film thick-
ness is 0.15 µm. Oven temperatures
were programmed. The initial tem-
perature was kept at 60°C for 0.5
min and then raised at 15°/min to
220°C, where it was kept for 13 min.
The injection and detection port
temperatures were 225°C and
250°C, respectively.

Reagents
ß-D(+) glucose, D(+) mannose, D(+)
galactose, D(+) xylose, and myo-inos-
itol were purchased from Sigma
Chemical, and L-arabinose was
obtained from Aldrich Chemical.
These monosaccharides and myo-
inositol were dried in a vacuum des-
iccator over pentaphosphor oxide
for at least 72 hours. The inositol
solution was prepared by dissolving
2.5 g of dried myo-inositol in 250 mL
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ABSTRACT
The current procedure of TAPPI Test
Method T 249 cm-85 for carbohy-
drate analysis requires acetylation of
alditols. Preparation of alditol
acetates involves a series of evapora-
tion steps.This investigation is an
attempt to improve the efficiency of
this gas chromatography method.
Using l-methylimidazole as a catalyst,
acetylation of alditols in the presence
of borates has been successfully
accomplished.This eliminates the
need for the evaporation steps. Analy-
sis of a number of different pulp
samples, using the modified method,
showed accurate and repeatable
results.The monosaccharide composi-
tions were comparable with the con-
ventional TAPPI method.

Application:

A modified method for carbohydrate
analysis makes it possible to charac-
terize wood pulp carbohydrates
faster than with TAPPI Test Method
T249 cm-85, without losing accuracy.
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of distilled water. HPLC-grade di-
chloromethane and AR-grade acetic
acid were obtained from Mallinck-
rodt Chemical. ACS-grade acetic
anhydride was obtained from Fisher
Scientific. GR-grade ammonium hy-
droxide was purchased from EM Sci-
ence. To prepare 72% sulfuric acid,
665 mL of concentrated sulfuric acid
(95.9%, sp. gr. 1.84) were slowly
poured into 300 mL of distilled water
in a 1000-mL volumetric flask. After
cooling, up to 1000 mL were made.
The strength was adjusted by mea-
suring the specific gravity to 1.6338.

Procedure
Obtain a sample of pulp weighing
approximately 5 g, and grind the
sample to pass a 40-mesh screen.
Allow the sample to reach moisture
equilibrium. Weigh two test speci-
mens of 0.35±0.01 g to the nearest
of 0.1 mg into 150-mL beakers. Add
exactly 3 mL of 72% sulfuric acid to
the specimen with a pipet. Stir the
contents of the beaker with a glass
rod until the specimen starts to dis-
solve.Place the beaker in a 30±0.5°C
water bath for 1 hour. Stir the speci-
men every 5–10 min. At the end of
the hour, add 84 mL of distilled
water. Cover the beaker with a

watch glass, and heat it in an auto-
clave at 121°C (15 psi) for 1 hour.

Add 10 mL of myo-inositol inter-
nal standard solution to the beaker.
After mixing, cool the specimen
solution. Filter off the lignin residue
through a 40-mL sintered glass filter
crucible (medium). Apply a slight
vacuum. The final volume of filtrate
is adjusted to 140 mL. Add approxi-
mately 11.0 mL ammonium hydrox-
ide solution (28.0–30.0% ammonia)
to the filtrate to make 1M with
respect to ammonia. Pipet a 2-mL
aliquot into a 125-mL Erlenmeyer
flask. Weigh 35±1 mg sodium boro-
hydride, and add it to the flask. Place
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1. Calibration line for arabinose with myo-inositol as internal
standard

2. Calibration line for xylose with myo-inositol as internal
standard

3. Calibration line for mannose with myo-inositol as internal
standard

4. Calibration line for galactose with myo-inositol as internal
standard
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the flask in a 40±1°C water bath for
90 min. Stir the contents occasion-
ally. After reduction, decompose the
excess of sodium borohydride by
adding 1 mL glacial acetic acid one
drop at a time. Add 2 mL 1-methylim-
idazole and a stirring bar, immedi-
ately followed by 20 mL acetic anhy-
dride, to the reduced monosaccha-
rides. Agitate the mixture continu-
ously with a magnetic stirrer at room
temperature for 20 min. The heat
generated will promote the acetyla-
tion to completion.

After 20 min, add 30 g crushed
ice and 70 g distilled water to the
flask; continue to stir for at least 20
min. Transfer the mixture to a 250-
mL separatory funnel and extract
successively with 10-, 5-, and 5-mL
portions of dichloromethane, and
combine the dichloromethane
extracts in a 250-mL beaker. Put the
beaker in a well-ventilated fume
hood for at least 1 hour. Add 2 mL of
dichloromethane to the dried alditol
acetate mixture. Store the solution in
a 4-mL glass vial at –20°C. Prior to
running the gas chromatography,
dilute 0.2 mL alditol acetate solution
into 1 mL dichloromethane. Inject 1
µL of diluted alditol acetate solution
routinely, and determine the peak
area for each of the five monosac-
charides and the internal standard.
The percent of each component as
polysaccharide is calculated accord-

ing to the equation given in TAPPI T
249 cm-85.

Calibration
An internal standard, myo-inositol,
was added to a mixture of five
monosaccharides to establish detec-
tor response factors for each compo-
nent and to correct for minor
decomposition during hydrolysis.
The mixture was then subjected to a
treatment identical to that of the
pulp samples.Eighteen standard mix-
tures covering a wide range of com-
position in wood pulps were run to
obtain calibration factors. Chromato-
graphic peak area ratios (monosac-
charide to myo-inositol) were plot-
ted against weight ratios (monosac-
charide to myo-inositol) (Figs. 1–5).
Calibration factors (k-factors) were
obtained by calculating the slope of
regression lines. The correlation
coefficients indicate that the calibra-
tion lines are highly linear within the
range of the monosaccharide weight
tested. The applied amount of each
monosaccharide and corresponding

calibration factors are listed in Table
I.

RESULTS AND DISCUSSION
A hemlock (Tsuga heterophylla
[Raf.] Sarg.) thermomechanical pulp
was delignified and treated with
caustic to different degrees to obtain
pulps with wide-ranging lignin and
carbohydrate contents. These pulps
were then analyzed to determine
their carbohydrate compositions.
The results are listed in Table II. A
typical chromatogram is shown in
Fig. 6.

The successful preparation of
alditol acetates is indicated by a
smooth baseline and well separated
monosaccharide peaks in the chro-
matogram. The complete separation,
coupled with the elimination of peak
tailing, allows accurate analysis of
monosaccharides derived from wood
pulps, including minor components.
The excellent separation of alditol
acetates can also be attributed to the
use of capillary column DB-225.
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5. Calibration line for glucose with myo-inositol as internal
standard

6.A typical chromatogram of a pulp sample

Monosaccharide Wt. range, mg k-factor Corr. coefficient

Arabinose 1.4–21.8 1.013 0.999
Xylose 17.8–56.5 0.982 0.998
Mannose 9.2–46.4 0.859 0.997
Galactose 0.9–6.7 1.027 0.994
Glucose 178.3–276.1 0.867 0.965

I. Calibration factors for five monosaccharides
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To establish the precision of the
modified method, duplicate analyses
were made of each of the ten differ-
ent pulp samples with the same
operator and apparatus, and the two
test results were obtained in immedi-
ate succession on the same day. The
percent repeatability was then calcu-
lated. According to the definition
given by the TAPPI precision state-
ment for test methods (14),“repeata-

bility is a limit within which agree-
ment may be expected 95% of the
time between two test results
obtained under essentially the same
conditions and from the same homo-
geneous sample of material.” Mathe-
matically, the repeatability is 2.77
times the corresponding standard
deviation. The percent repeatability
equals the repeatability multiplied
by 100 and divided by the test aver-
age for that monosaccharide. The
average percent repeatability of the
ten samples is listed in Table II.

The low percent standard devia-
tion and repeatability data indicate
that the modified method is precise
and repeatable. Also, the statistical

analysis of the modified method with
low variations compares favorably
with Borchardt and Piper’s analysis
(1) using the TAPPI Test Method.

To check the validity of the mod-
ified method, results for three pulp
samples were compared with TAPPI
T 249. The analysis by the TAPPI Test
Method was conducted in the labo-
ratory of Integrated Paper Services,
Appleton, WI. In Table III, the test
results from TAPPI T 249 are com-
pared with the corresponding results
from the modified method. The per-
cent compositions of the different
monosaccharides are fairly close to
those obtained by the TAPPI method.
A paired t-test, based on the differ-

PULP ANALYSIS

Test Arabinan, Xylan, Mannan, Galactan, Glucan,
Pulp specimen % % % % %

Sample A 1st 1.25 6.31 14.56 1.43 60.33
2nd 1.12 5.95 14.07 1.26 59.94

Sample B 1st 0.66 3.40 15.17 1.00 70.50
2nd 0.67 3.52 15.51 1.00 72.01

Sample C 1st 0.34 0.79 9.56 0.81 79.94
2nd 0.32 0.81 9.74 0.82 82.45

Sample D 1st 1.16 5.67 13.91 1.50 52.97
2nd 1.13 5.71 14.04 1.51 53.34

Sample E 1st 0.88 4.19 16.14 1.41 62.00
2nd 0.88 4.18 16.14 1.39 63.81

Sample F 1st 0.66 2.26 14.55 1.31 70.50
2nd 0.63 2.30 15.00 1.38 72.67

Sample G 1st 1.03 5.05 13.39 1.58 48.44
2nd 1.00 4.96 12.96 1.46 47.05

Sample H 1st 1.01 5.10 14.48 1.49 52.36
2nd 1.01 5.07 14.47 1.50 53.03

Sample I 1st 0.86 3.69 14.33 1.45 55.72
2nd 0.93 3.74 14.56 1.44 56.60

Sample J 1st 1.22 4.86 11.95 1.64 42.36
2nd 1.24 4.95 12.27 1.70 43.75

Avg. rel. std. dev., %a --- 2.9 1.3 1.3 2.1 1.2

Avg. repeatability, %b --- 7.9 3.7 3.6 5.8 3.4

aObtained by dividing the standard deviations by the test averages and multiplying by 100.
bObtained by multiplying the relative standard deviation by 2.77.

II.Analysis of ten different pulp samples using the modified gas chromatographic method

KEYWORDS 
Acetylation, alditols, analysis, carbohy-
drates, catalysts, gas chromatography,
monosaccharides, pulps, test methods.
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Testing Arabinan, Xylan, Mannan, Galactan, Glucan
Parameter method % % % % %

Sample A Modified 1.23 6.13 14.32 1.35 60.14
T 249 0.9 7.7 13.3 1.2 67.0

Sample B Modified 0.67 3.46 15.34 1.00 71.26
T 249 0.9 3.9 15.6 1.1 71.1

Sample F Modified 0.65 2.28 14.78 1.35 71.59
T 249 0.7 2.1 14.9 1.4 70.8

t-value* --- 0.101 –1.191 0.526 0 –0.804

*Critical t-value at 95% confidence level = 4.30.

III. Comparison of results obtained by TAPPI T 249 and the modified method

ences between test results by the
two different methods, gives smaller
t-values than the critical value at 95%
confidence level for all five monosac-
charide components. This suggests
that the modified and conventional
methods give essentially the same
results on the same sample; at least
there is no evidence to show that
they are different.

There are several advantages of
using this modified method. After
acid hydrolysis, ammonium hydrox-
ide is used to neutralize the hydrol-
yzate instead of barium hydroxide.
Subsequently, a centrifuge is not
needed to remove barium sulfate pre-
cipitate.With 1-methylimidazole as a
catalyst, acetylation can be finished
in 10–20 min at room temperature,
compared with 1 hour at 60°C with
sulfuric acid as catalyst. The use of a
rotary evaporator is avoided, because
a high-temperature evaporation step
is not required. The entire operation
is performed in glassware. Once cali-
bration factors are established, an
analysis of eight samples can be com-
pleted in an 8-hour day.

CONCLUSIONS
From this investigation, it appears
that 1-methylimidazole can act as a
reliable catalyst for acetylation of
alditols during carbohydrate analysis
of wood pulps. The use of the cata-
lyst greatly simplifies the preparation
of alditol acetates, and acetylation is
fast and complete. Also, statistical
analysis of ten different pulp samples
showed that the modified method is
accurate, repeatable, and comparable
with the conventional TAPPI Test
Method T 249 cm-85. Further analy-
sis on many other types of pulp is
recommended to verify wider applic-
ability of this modified method and
to achieve universal acceptance. TJ
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